Background and Purpose-We compared the rates of death or disability, defined by modified Rankin Scale score of 4 to 6, at 3 months in patients with intracerebral hemorrhage according to post-treatment systolic blood pressure (SBP)-attained status. Methods-We divided 1000 subjects with SBP ≥180 mm Hg who were randomized within 4.5 hours of symptom onset as follows: SBP <140 mm Hg achieved or not achieved within 2 hours; subjects in whom SBP <140 mm Hg was achieved within 2 hours were further divided: SBP <140 mm Hg for 21 to 22 hours (reduced and maintained) or SBP was ≥140 mm Hg for at least 2 hours during the period between 2 and 24 hours (reduced but not maintained). Results-Compared with subjects without reduction of SBP <140 mm Hg within 2 hours, subjects with reduction and maintenance of SBP <140 mm Hg within 2 hours had a similar rate of death or disability (relative risk of 0.98; 95% confidence interval, 0.74-1.29). The rates of neurological deterioration within 24 hours were significantly higher in reduced and maintained group (10.4%; relative risk, 1.98; 95% confidence interval, 1.08-3.62) and in reduced but not maintained group (11.5%; relative risk, 2.08; 95% confidence interval, 1.15-3.75) compared with reference group. The rates of cardiac-related adverse events within 7 days were higher among subjects with reduction and maintenance of SBP <140 mmHg compared to subjects without reduction (11.2% versus 6.4%). Conclusions-No decline in death or disability but higher rates of neurological deterioration and cardiac-related adverse events were observed among intracerebral hemorrhage subjects with reduction with and without maintenance of intensive SBP goals. Clinical Trial Registration-URL: https://www.clinicaltrials.gov. Unique identifier: NCT01176565.
A n acute hypertensive response is seen in two thirds of patients with intracerebral hemorrhage (ICH), 1 and acute aggressive reduction of systolic blood pressure (SBP) has been investigated in clinical trials to reduce the rate of hematoma expansion and death or disability. 2 In the INTERACT2 (Intensive BP Reduction in Acute Cerebral Hemorrhage Trial), 3 the rate of death or disability in subjects who were randomized to intensive SBP reduction, with a target SBP of <140 mm Hg within 1 hour, was nonsignificantly lower than that in those assigned to treatment with a target SBP of <180 mm Hg (absolute difference, 3.6 percentage points; P=0.06). In the ATACH 2 trial (Antihypertensive Treatment of Acute Cerebral Hemorrhage), 4 the rate of death or disability was not different between subjects randomized to achieve a target SBP of 110 to 139 mm Hg compared with standard reduction to a target of 140 to 179 mm Hg (absolute difference, 1.0 percentage points; P=0.72) in intention-to-treat analysis. However the intention-to-treat analysis may be confounded by compliance to therapeutic intervention, 5 with the probability that the benefit of intervention may be obscured if a proportion of subjects did not achieve the SBP goals specified for the intended randomized group. 6 Therefore, the analysis based on actual blood pressure (BP) attained may be a more efficient method to evaluate the effect of rapid intensive lowering of SBP on various outcome measures. [7] [8] [9] We present the results of analysis based on SBP attained using data from the ATACH 2 trial.
Methods
The data that support the findings of this study are available from the corresponding author on reasonable request.
Study Design
The ATACH 2 trial was a randomized multinational trial designed to determine the efficacy of intensive SBP reduction initiated within 4.5 hours of symptom onset in subjects with spontaneous supratentorial ICH with SBP ≥180 mm Hg. 4, 10 Briefly, subjects with a Glasgow Coma Scale score of ≥5 at the time of emergency department arrival and intraparenchymal hematoma <60 mm 3 on initial computed tomographic scan were randomized. The goal of treatment was to reduce within 2 hours of randomization and maintain through 24 hours each subject's hourly minimum SBP of 140 to 179 mm Hg in the standard treatment group and 110 to 139 mm Hg in the intensive treatment group.
Intervention
After randomization, intravenous nicardipine infusion was initiated at 5 mg/h and then increased by 2.5 mg/h every 15 minutes as needed, up to a maximum of 15 mg/h. Once the target SBP level was reached, the infusion rate was adjusted by 1 to 2.5 mg/h to maintain SBP in the specified range. If SBP fell below the target value, intravenous nicardipine was reduced by 2.5 mg/h every 15 minutes until the infusion was discontinued. Infusion was not restarted unless SBP rose >180 mm Hg or 140 mm Hg for standard and intensive treatment groups, respectively. If SBP was greater than the target, despite infusion of the maximum nicardipine dose for 30 minutes, a prespecified second agent, intravenous labetalol (5-20 mg intravenous bolus every 15 minutes), was applied for another hour. In countries where labetalol was not available, diltiazem (initial infusion rate of 5 mg/h ≤15 mg/h) or uradipil (12.5 mg every 15 minutes to a maximum dose of 50 mg) was used.
BP Measurements
SBP measurements were acquired every 5 minutes for the first 15 minutes after initiation of nicardipine infusion followed by every 15 minutes for the remainder of the first hour or every 5 minutes if the dose was being adjusted. SBP was measured at least every 30 minutes while receiving nicardipine or more frequently if prominent SBP changes were observed as determined by the treating physician. For the first 24 hours, minimum and maximum SBPs were recorded for each 15-minute period during the first hour and for each subsequent hour through 24 hours.
Data Collection
The SBP was collected at least twice hourly for the first 24 hours after randomization. A noncontrast head computed tomographic scan was performed at baseline and 24 hours after initiation of treatment and analyzed by a reader who was blinded to the treatment assignment, clinical findings, and time points of image acquisition. Parenchymal hematoma volume was measured using automated delineation (with manual correction) by computer software on each slice containing the hematoma.
Postdischarge follow-up included telephone contact at 1 month and in-person clinical evaluation at 3 months. The telephone interview by the site staff collected information on serious adverse events (SAEs) and deaths. The 3-month assessments were conducted by a qualified investigator who did not participate in the randomization, treatment, or in-hospital clinical management of the subject. The data collection consisted of disability assessment using modified Rankin Scale and quality-of-life assessment by EQ-5D. SAEs were ascertained throughout 3 months post-randomization and, non-SAEs were ascertained only within the first 5 days or on discharge (whichever came first). All adverse events and SAEs were coded with the Medical Dictionary for Regulatory Activities. The analysis was performed after grouping the related events (events that represent the same condition of interest according to body system) to determine the comprehensive occurrence rate of an event with relationship to SBP lowering.
Statistical Analysis
Study participants were grouped based on achieved minimum SBP, regardless of randomized allocation, as follows: first, based on whether or not SBP <140 mm Hg was achieved within 2 hours (based on 5 recordings acquired within 2 hours of randomization); subjects in whom SBP <140 mm Hg was achieved within 2 hours were further divided into those in whom SBP <140 mm Hg was maintained for 21 to 22 hours (reduced and maintained) and those in whom SBP was ≥140 mm Hg for at least 2 hours during the period between 2 and 24 hours (reduced but not maintained). If missing, minimum SBP was imputed using last observation carried forward.
The outcomes of interest in these 2 groups were compared against a reference group comprising those who did not achieve SBP <140 mm Hg within 2 hours. The primary outcome was the proportion of subjects with death or disability (modified Rankin Scale score of 4-6) at 3 months. Secondary outcomes were (1) death within 3 months, (2) the proportion of subjects with hematoma expansion of >33% in volume on the computed tomographic scan obtained at 24 hours compared with the baseline scan, and (3) scores on the EQ-5D utility index at 3 months. Safety outcomes were (1) neurological deterioration, defined as a decrease from baseline of ≥2 points on Glasgow Coma Scale or increase of ≥4 points on the National Institutes of Health Stroke Scale that was not related to sedation/hypnotic use and was sustained for at least 8 hours within 24 hours; (2) brain infarction-, cardiac-, and renal-related adverse events within 7 days; and (3) any SAE within 3 months. The comparison was adjusted for baseline age, Glasgow Coma Scale category (0-11, 12-14, and 15), and the presence of intraventricular hemorrhage determined by the central reader, consistent with the published primary analysis. 4 For consistency with the published primary analysis, 4 the analysis of the dichotomized outcomes (all except EQ-5D) was based on the generalized linear model with log link function with Poisson distribution. ED-5D analysis was based on the generalized linear model with normal distribution and identity link. Statistical significance was defined at an α of 0.05, recognizing that these are exploratory analyses that require caution in their interpretation. All analyses were performed using SAS, version 9.4, software.
Results
Among the 1000 subjects randomized, 731 subjects had achieved reduction of the minimum SBP to <140 mm Hg within 2 hours of randomization. Among those, the minimum SBP <140 mm Hg was reduced within 2 hours and maintained for 21 to 22 hours through 24 hours after randomization in 357 subjects (reduced and maintained group), and 374 achieved SBP <140 but did not maintain this level (reduced but not maintained group). Of the 267 subjects without reduction within 2 hours (reference group), the proportion of subjects who did not maintain SBP <140 mm Hg was 89.5% (n=239). Two subjects were excluded from the analysis because of completely missing SBP measurements. The baseline characteristics were generally well balanced among the groups (Table 1) . Per Table 2 , differences, if any, among the groups were not unexpected because of the nature of the post hoc classification. The SBP profiles of the 3 groups are provided in Figure 1 . Figure 2 shows the outcomes analyses results. Death or disability at 3 months was observed in 279 of 708 (39.4%) subjects with reduction of SBP <140 mm Hg (reduced and The rates of hematoma expansion within 24 hours were not significantly different among the 3 groups. However, the rates of neurological deterioration within 24 hours were significantly higher in reduced and maintained group (10.4%; aRR, 1.98; 95% CI, 1.08-3.62) and in reduced but not maintained group (11.5%; aRR, 2.08; 95% CI, 1.15-3.75) compared with reference group (5.6%). There was no difference in the median values of EQ-5D utility index in the 3 groups. Although not statistically significant, a higher rate of any SAE within 3 months was observed in reduced but not maintained group compared with the reference group (27.0% versus 17.6%; aRR, 1.40; 95% CI, 0.98-1.99). Also compared with the reference group (6.4%), the rate of cardiac-related adverse events within 7 days was nonsignificantly higher in reduced but not maintained group (11.2%; aRR, 1.70; 95% CI, 0.96-3.01) and significantly higher in reduced and maintained group (11.2%; aRR, 1.84; 95% CI, 1.04-3.27; Table I in the online-only Data Supplement for detailed listing of cardiac adverse events). The rates of renal-related adverse events within 7 days were similar among the 3 groups (Figure 2 ).
Discussion
We observed no difference in the rate of death or disability at 3 months among subjects in whom SBP <140 mm Hg Two subjects were excluded from the analysis because of completely missing SBP measurements. The denominator (total) reflects all subjects with nonmissing values for each categorical variable. ICH indicates intracerebral hemorrhage; max, maximum; min, minimum; NIHSS, National Institutes of Health Stroke Scale; and SBP, systolic blood pressure.
*In 30 d before hospitalization.
was achieved within 2 hours compared with those in whom this SBP goal was not met within the first 2 hours. The SBP profiles in Figure 1 demonstrate a clear separation of SBPs within 2 hours and for 21 to 22 hours through 24 hours after randomization between subjects classified as reduced and maintained and reference groups. Despite a clear separation in SBP profiles when defined by actual SBP values attained, the results of the analysis are consistent with the results of previous intention-to-treat analysis that the intensive SBP reduction does not result in reduction in death or disability at 3 months. A higher rate of neurological deterioration was observed in subjects with reduction with and without maintenance of SBP. A higher rate of cardiac-related adverse events was also observed in subjects with reduction and maintenance of SBP. If the safety profiles of the 3 groups were put into perspective, subjects in whom SBP values were ≥140 mm Hg appeared to have the best profile.
There are several methods to analyze the effect of actual SBP achieved on safety and efficacy end points. Our analysis focused on determining whether optimally achieving SBP <140 mm Hg (based on actually attaining target SBP <140 mm Hg) reduced the rate of death or disability and not directed toward identifying the optimal SBP for therapeutic benefit. In an analysis of the INTERACT 2 trial, 8 subjects with an achieved SBP of 130 to 139 mm Hg defined by a mean of SBP values measured at 1, 6, 12, 18, and 24 hours had the lowest rate of death or disability. However, the prerandomization SBP was lower in patients who achieved SBP of 130 mm Hg compared with those who achieved a mean SBP of 140 to 149, 150 to 159, 160 to 169, or 170 to 179 mm Hg. Despite the small In-hospital mortality, n/total (%) 
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proportion of patients who achieved an SBP <130 mm Hg in the study (268/2794), there was an increase in the risk of death or major disability in patients with a mean SBP of 120 mm Hg (odds ratio, 1.30; 95% CI, 0.92-1.83; P=0.144). In another analysis of INTERACT 2, 7 larger magnitude reduction in SBP was associated with the lowest rates of death or disability at 3 months with the maximum benefit observed in subjects with an initial mean SBP of 186 mm Hg (±16 mm Hg) and reduction of ≥20 mm Hg within the first hour (average SBP between 15 and 60 minutes) after randomization, which would be similar to the group in our analysis in whom SBP goals were not met within the first 2 hours (and at later intervals).
Another important finding is the safety of intensive SBP reduction. There appeared to be higher rates of neurological deterioration within 24 hours and cardiac-related SAEs within 7 days among subjects in whom SBP was reduced to <140 mm Hg. In the intention-to-treat analysis reported previously, there was a higher rate of SAEs within 3 months and renalrelated adverse events within 7 days in subjects randomized to intensive treatment. When classified by actual SBP achieved, there was a nonsignificantly higher rate of SAEs in subjects who achieved initial reduction of SBP <140 mm Hg (within 2 hours) but not maintained between 2 and 24 hours compared with subjects who did not achieve reduction (reference group). A higher rate of neurological deterioration and cardiac-related adverse events within 7 days was observed in subjects with reduction with and without maintenance of SBP. The most likely explanation would be direct effects of rapid reduction in SBP resulting in regional hypoperfusion of target organs, such as brain and heart. These organs were more vulnerable in study subjects because of existing arterial disease secondary to chronic hypertension. We did not acquire magnetic resonance imaging as part of a standardized protocol and thus cannot determine whether ischemic injury to the brain was the underlying cause for the neurological deterioration. The rates of adverse events classified as brain infarction within 7 days were low and similar among the 3 groups (Figure 2) . The cardiac adverse events were minor, and rates of adverse events classified as myocardial infarction within 7 days were similar among the 3 groups (Table I in the online-only Data Supplement).
Our analysis was not directed toward identifying or quantitating within individual BP fluctuations but indirectly addressed the issue. The detrimental consequences of SBP fluctuations have been identified in previous studies in patients with ICH. [11] [12] [13] They have used variability as defined by the SD of achieved SBP and showed that it was associated with higher rates of death or disability at 3 months. Previous studies have shown that regional cerebral blood flow is maintained within a constant range by compliance and resistance of medium-sized artery mechanism independent of modulation of arteriolar tone (autoregulation).
14-16 Such compensatory response is more vulnerable to alteration by intracranial mass lesions, such as ICH, and may increase risk of cerebral hypoperfusion with BP fluctuations. 17, 18 Another aspect that requires consideration is the SBP profile may be related to underlying pathogenesis and severity of disease. It is possible that certain patients with lobar ICH may have cerebral amyloid angiopathy (rather than chronic hypertension) as pathogenesis and thus may be more likely to respond to antihypertensive medication. Patients with larger hematoma volumes may be less likely to respond to antihypertensive medication because of confounding effects of intracranial hypertension. However, we did not observe any differences in location and volume of hematomas among the 3 groups ( Table 1) .
The practical implications of our analysis are that caution is required in how intensive SBP reduction is defined, and how it is achieved and maintained. SBP may need to be considered as a more complex continuous time-varying parameter, rather than as a static threshold target. An assumption that SBP reduction to value <140 mm Hg independent of pretreatment SBP and actual SBP achieved and maintained is beneficial and without any adverse events is not supported by the results of our analysis. 19 The current guidelines from the American Heart Association/American Stroke Association state that for patients with ICH presenting with SBP between 150 and 220 mm Hg and without contraindication to acute BP treatment, acute lowering of SBP to 140 mm Hg is safe (class I; level of evidence A) and can be effective for improving functional outcome (class IIa; level of evidence B). 20 Our analysis highlights the need for careful interpretation of the current guidelines and perhaps updating the guidelines to highlight the safety considerations when such BPs are actually achieved. Additional combined analysis of data from ATACH 2 and INTERACT 2 (already planned) may be necessary to better define the SBP targets where risk and benefit ratio could be optimized and thus provide a higher level of evidence. Another implication is the potential to improve SBP control through close monitoring and appropriate titration to reduce adverse events associated with intravenous antihypertensive medication. Several studies have demonstrated frequent dose adjustments are required to adequately maintain SBP in the desired target range, [21] [22] [23] and perhaps more rigorous strategies are required to ensure timely response to change in BP in acute period of ICH.
Conclusions
The BP-attained analysis of ATACH 2 trial did not support efficacy but appeared to identify safety concerns related to intensive SBP reduction. Caution in the interpretation is advised because the statistical criterion for significance was not adjusted for multiple testing. Research into more precise definitions of BP-lowering quality parameters for medical management of acute hypertensive response in patients with ICH 24,25 is needed. A combined analysis of data from ATACH 2 and INTERACT 2 has the potential to identify patient subgroups defined by SBP attained, rate and magnitude of SBP reduction, and other pertinent stratifications that may be more vulnerable to occurrence of adverse events with intensive SBP reduction.
